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Considering the mass splittings of three active neutrinos, we investigate how the nature of dark
energy affects the cosmological constraints on the total neutrino mass
∑
mν using the latest cos-
mological observations. In this paper, some typical dark energy models, including ΛCDM, wCDM,
CPL, and HDE models, are discussed. In the analysis, we also consider the effects from the neutrino
mass hierarchies, i.e., the degenerate hierarchy (DH), the normal hierarchy (NH), and the inverted
hierarchy (IH). We employ the current cosmological observations to do the analysis, including the
Planck 2018 temperature and polarization power spectra, the baryon acoustic oscillations (BAO),
the type Ia supernovae (SNe), and the Hubble constant H0 measurement. In the ΛCDM+
∑
mν
model, we obtain the upper limits of the neutrino mass
∑
mν < 0.123 eV (DH),
∑
mν < 0.156
eV (NH), and
∑
mν < 0.185 eV (IH) at the 95% C.L., using the Planck+BAO+SNe data com-
bination. For the wCDM+
∑
mν model and the CPL+
∑
mν model, larger upper limits of
∑
mν
are obtained compared to those of the ΛCDM+
∑
mν model. The most stringent constraint on the
neutrino mass,
∑
mν < 0.080 eV (DH), is derived in the HDE+
∑
mν model. In addition, we find
that the inclusion of the local measurement of the Hubble constant in the data combination leads
to tighter constraints on the total neutrino mass in all these dark energy models.
I. INTRODUCTION
Neutrino oscillation experiments [1, 2] indicate that
the three neutrino flavor eigenstates (νe, νµ, ντ ) are ac-
tually quantum superpositions of the three mass eigen-
states (ν1, ν2, ν3) with masses m1, m2, and m3. However,
neutrino oscillation experiments cannot measure the ab-
solute neutrino masses, but can only give the squared
mass differences between the different mass eigenstates
of neutrino. The solar and reactor experiments gave
the result of ∆m221 ' 7.54 × 10−5 eV2 and the atmo-
spheric and accelerator beam experiments gave the re-
sult of |∆m231| ' 2.46 × 10−3 eV2 [3], which indicates
that there are two possible neutrino mass hierarchies,
i.e., the normal hierarchy (NH) with m1 < m2  m3 and
the inverted hierarchy (IH) with m3  m1 < m2. The
case of neglecting the neutrino mass splitting, namely
m1 = m2 = m3, is called the degenerate hierarchy (DH).
Nevertheless, cosmological observations could provide
a useful tool to measure the absolute neutrino total mass.
With the decrease of the neutrino temperature, neutrino
becomes non-relativistic at T ∼ 0.15 eV in the evolution
of the universe. Then the mass effect of neutrinos be-
gins to appear, which leads to a nonnegligible influence
on the cosmic microwave background (CMB) and large-
scale structure (LSS) [4–10]. Therefore, we could extract
much useful information about neutrino from cosmolog-
ical observations.
Recently, the observational data of Planck 2018 have
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been released by the Planck collaboration, and according
to the latest data the limit of the total neutrino mass is∑
mν < 0.24 eV (95% C.L., TT,TE,EE+lowE+lensing)
[11]. Since the baryon acoustic oscillations (BAO)
data at low redshifts can break the geometric degen-
eracy inherent in CMB, the combination of the acous-
tic scales measured by the CMB and BAO data can
determine the background geometry sufficiently. Com-
bining BAO data with CMB data, the neutrino mass
can be constrained to be
∑
mν < 0.12 eV (95% C.L.,
TT,TE,EE+lowE+lensing+BAO). Adding the Pantheon
type Ia supernovae (SNe) luminosity distance measure-
ments, the constraint only becomes slightly better, with
the result still roughly
∑
mν < 0.11 eV (95% C.L.,
TT,TE,EE+lowE+lensing+BAO+SNe). It is noted that
these results are based on the ΛCDM+
∑
mν model.
Therefore, we wish to investigate the impacts of dark
energy on constraining the total neutrino mass. In
this work, we consider some typical dark energy mod-
els, including the ΛCDM model, the wCDM model, the
w0waCDM model (also known as the Chevallier-Polarski-
Linder model or the CPL model) [12, 13], and the holo-
graphic dark energy (HDE) model [14–21]. In addition,
we also consider the effects from the neutrino mass hier-
archies (i.e., DH, NH, and IH) in our analysis.
More recently, some related studies of constraints
on the total neutrino mass have been made; see, e.g.,
Refs. [22–60]. The cosmological constraints on the to-
tal neutrino mass in dynamical dark energy models have
been discussed in, e.g., Refs. [45, 46], which indicates that
the nature of dark energy can have a significant influence
on the measurement of the total neutrino mass. As the
latest CMB data have been released by the Planck col-
laboration, the results need to be updated. In this work,
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2we employ the latest cosmological observations, includ-
ing the CMB, BAO, SNe, and H0 data to make a new
analysis.
In this work, we will use the recent local measure-
ment of the Hubble constant H0, with the result of
H0 = 74.03 ± 1.42 km s−1 Mpc−1 (68% C.L.), by Riess
et al. [61]. Note that this local measurement result is in
more than 4 σ tension with the result of the Planck 2018
observation assuming a 6-parameter base-Λ CDM model.
Thus, we also wish to investigate how the inclusion of the
H0 local measurement would affect the measurement of
the total neutrino mass in these dark energy models.
This paper is organized as follows. In Sec. II, we de-
scribe the methodology in our analysis. In Sec. III, we
show the results and make some discussions. Finally, the
conclusion is given in Sec. IV.
II. METHODOLOGY
We take into account the neutrino mass splittings be-
tween the three active neutrinos. We employ the mea-
surement results of neutrino oscillation experiments [3],
∆m221 ≡ m22 −m21 = 7.54× 10−5eV2, (1)
|∆m231| ≡ |m23 −m21| = 2.46× 10−3eV2. (2)
The total neutrino mass
∑
mν is the sum of three ac-
tive neutrino mass. For the NH case,
∑
mν is written
as∑
mNHν = m1 +
√
m21 + ∆m
2
21 +
√
m21 + ∆m
2
31, (3)
where m1 is a free parameter. For the IH case,
∑
mν is
written as∑
mIHν =
√
m23 + |∆m231|+
√
m23 + |∆m231|+ ∆m221+m3,
(4)
where m3 is a free parameter. For the DH case, ignoring
the neutrino mass splittings,
∑
mν can be written as∑
mDHν = m1 +m2 +m3 = 3m, (5)
where m is a free parameter. Therefore, the lower bounds
of
∑
mν are 0 eV, 0.06 eV and 0.1 eV for DH, NH and
IH, respectively. In this way, the total neutrino mass∑
mν as an additional parameter will be considered in
our analysis.
In this paper, we make a global fit analysis on the dif-
ferent dark energy models, i.e., the ΛCDM+
∑
mν model,
the wCDM+
∑
mν model, the CPL+
∑
mν model, and
the HDE+
∑
mν model. We modify the publicly avail-
able Markov chain Monte-Carlo package CosmoMC [62]
(that uses the Boltzmann solver CAMB [63]) to do the nu-
merical calculations.
Here, we give a brief introduction to these dark energy
models.
• The ΛCDM+∑mν model: The model con-
taining a cosmological constant Λ and cold dark
matter is called the ΛCDM model, which can fit
various cosmological observations well. For the
ΛCDM+
∑
mν model, the parameter space vector
is:
P1 ≡
(
ωb, ωc,Θs, τ, ns, ln[10
10As],
∑
mν
)
, (6)
where ωb ≡ Ωbh2 and ωc ≡ Ωch2 represent baryon
and cold dark matter densities, respectively, Θs is
the ratio between sound horizon rs and angular di-
ameter distance DA at the time of photon decou-
pling, τ is the optical depth to the reionization of
the universe, ns and As are the power-law spectral
index and amplitude of the power spectrum of pri-
mordial curvature perturbations, respectively, and∑
mν is the total neutrino mass.
• The wCDM+∑mν model: The wCDM model
is the simplest dynamical dark energy model, in
which the equation-of-state (EoS) parameter w(z)
is assumed to be a constant. For the wCDM+
∑
mν
model, the parameter space vector is:
P2 ≡
(
ωb, ωc,Θs, τ, ns, ln[10
10As],w,
∑
mν
)
. (7)
• The CPL+∑mν model: For probing the evolu-
tion of w(z), the most widely used parametrization
model is the CPL model (also called the w0waCDM
model) [12, 13]. The form of w(z) in this model is
given by
w(z) = w0 + wa(1− a) = w0 + wa z
1 + z
, (8)
where w0 and wa are free parameters. So, for the
CPL+
∑
mν model, the parameter space vector is:
P3 ≡
(
ωb, ωc,Θs, τ, ns, ln[10
10As],w0,wa,
∑
mν
)
. (9)
• The HDE+∑mν model: The HDE model is
built based on the the effective quantum field the-
ory together with the holographic principle of quan-
tum gravity. We can put an energy bound on the
vacuum energy density, ρdeL
3 ≤M2PlL, where MPl
is the reduced Planck mass, which means that the
total energy in a spatial region with size L should
not exceed the mass of a black hole with the same
size [64]. The largest length size that is compatible
with this bound is the infrared cutoff size of this
effective quantum field theory. An infrared scale
can saturate that bound, and thus the dark energy
density can be written as [14]
ρde = 3c
2M2PlL
−2, (10)
where c is a dimensionless phenomenological pa-
rameter (note that here c is not the speed of light),
3TABLE I: Fitting results of the cosmological parameters in the ΛCDM+
∑
mν model for three neutrino mass hierarchy cases,
i.e., the DH case, the NH case, and the IH case, using the Planck+BAO+SNe and Planck+BAO+SNe+H0 data combinations.
Data Planck+BAO+SNe Planck+BAO+SNe+H0
Mass ordering DH NH IH DH NH IH
H0 [km s
−1 Mpc−1] 67.75± 0.49 67.48± 0.47 67.26± 0.45 68.40± 0.44 68.11± 0.43 67.88± 0.43
Ωm 0.3097± 0.0063 0.3126± 0.0063 0.3150± 0.0060 0.3015± 0.0056 0.3044± 0.0056 0.3069± 0.0056
σ8 0.812
+0.013
−0.008 0.801
+0.011
−0.008 0.793
+0.010
−0.008 0.813
+0.010
−0.008 0.801
+0.009
−0.008 0.792
+0.009
−0.008∑
mν [eV] < 0.123 < 0.156 < 0.185 < 0.082 < 0.125 < 0.160
χ2 3805.133 3807.205 3809.012 3821.466 3825.557 3828.810
0.00 0.06 0.12 0.18 0.24
m  [eV]
0.0
0.2
0.4
0.6
0.8
1.0
P/
P m
ax
Planck+BAO+SNe,DH
Planck+BAO+SNe,NH
Planck+BAO+SNe,IH
Planck+BAO+SNe+H0,DH
Planck+BAO+SNe+H0,NH
Planck+BAO+SNe+H0,IH
0.00 0.06 0.12 0.18 0.24
m  [eV]
66
67
68
69
H
0 [
km
 s
1  M
pc
1 ]
Planck+BAO+SNe,DH
Planck+BAO+SNe,NH
Planck+BAO+SNe,IH
FIG. 1: Left: The one-dimensional marginalized posterior distributions for
∑
mν using the Planck+BAO+SNe and
Planck+BAO+SNe+H0 data combinations in the ΛCDM+
∑
mν model. Right: The two-dimensional marginalized contours
(1σ and 2σ) in the
∑
mν-H0 plane for three neutrino mass hierarchy cases, i.e., the DH case, the NH case, and the IH case,
by using Planck+BAO+SNe data combination in the ΛCDM+
∑
mν model.
which plays an important role in determining the
properties of the holographic dark energy. The
value of c determines the evolution of w. In the
HDE model, the EoS can be expressed as
w = −1
3
− 2
3
√
Ωde
c
. (11)
According to this equation, we can find that in the
early times w → −1/3 (since Ωde → 0) and in the
far future w → −1/3 − 2/(3c) (since Ωde → 1).
Thus, when c < 1, we can find that the EoS pa-
rameter w crosses −1 during the cosmological evo-
lution. For the HDE+
∑
mν model, the parameter
space vector is:
P4 ≡
(
ωb, ωc,Θs, τ, ns, ln[10
10As], c,
∑
mν
)
. (12)
The observational data sets used in this work include
CMB, BAO, SNe, and H0. Here we also briefly describe
these observational data.
• The CMB data: We employ the CMB likelihood
including the TT, TE, and EE spectra at ` ≥ 30,
the low-` temperature Commander likelihood, and
the low-` SimAll EE likelihood, from the Planck
2018 release [11].
• The BAO data: We employ the measurements
of the BAO signals from different galaxy surveys,
including the DR7 Main Galaxy Sample (MGS)
at the effective redshift of zeff = 0.15 [65], the
Six-degree-Field Galaxy Survey (6dFGS) at zeff =
0.106 [66], and the latest BOSS data release 12
(DR12) in three redshift slices of zeff = 0.38, 0.51,
and 0.61 [67].
4TABLE II: Fitting results of the cosmological parameters in the wCDM+
∑
mν model for three neutrino mass hierarchy cases,
i.e., the DH case, the NH case, and the IH case, using the Planck+BAO+SNe and Planck+BAO+SNe+H0 data combinations.
Data Planck+BAO+SNe Planck+BAO+SNe+H0
Mass ordering DH NH IH DH NH IH
w −1.029± 0.035 −1.042± 0.035 −1.051± 0.035 −1.078± 0.033 −1.090± 0.033 −1.100+0.034−0.031
H0 [km s
−1 Mpc−1] 68.27± 0.83 68.23± 0.83 68.21± 0.81 69.79± 0.73 69.74± 0.73 69.70± 0.74
Ωm 0.3064± 0.0078 0.3076± 0.0078 0.3084± 0.0076 0.2932± 0.0066 0.2945± 0.0066 0.2954± 0.0067
σ8 0.819± 0.015 0.811+0.015−0.014 0.805± 0.014 0.834+0.015−0.013 0.826+0.014−0.013 0.820± 0.014∑
mν [eV] < 0.155 < 0.195 < 0.220 < 0.145 < 0.183 < 0.210
χ2 3805.053 3806.381 3807.724 3817.072 3818.757 3819.912
0.00 0.08 0.16 0.24 0.32
m  [eV]
1.12
1.04
0.96
w
Planck+BAO+SNe,DH
Planck+BAO+SNe,NH
Planck+BAO+SNe,IH
66.0 67.5 69.0 70.5
H0 [km s 1 Mpc 1]
1.12
1.04
0.96
w
Planck+BAO+SNe,DH
Planck+BAO+SNe,NH
Planck+BAO+SNe,IH
FIG. 2: The two-dimensional marginalized contours (1σ and 2σ) in the
∑
mν-w and H0-w planes for three neutrino mass
hierarchy cases, i.e., the DH case, the NH case, and the IH case, by using Planck+BAO+SNe data combination in the
wCDM+
∑
mν model.
• The SNe data: We use the latest SNe data given
the Pantheon Sample [68], which contains 1048 SNe
data in the redshift range of 0.01 < z < 2.3.
• The Hubble constant: We use the result of the
direct measurement of the Hubble constant, with
the result of H0 = 74.03 ± 1.42 km s−1 Mpc−1,
given by Riess et al. [61].
In this study, our basic data combination is
Planck+BAO+SNe. In addition, in order to investigate
the impacts of the H0 measurement on constraints on the
neutrino mass, we also consider the data combination of
Planck+BAO+SNe+H0.
III. RESULTS AND DISCUSSION
In this section, we report the results of constrain-
ing the total neutrino mass from the Planck+BAO+SNe
and Planck+BAO+SNe+H0 data combinations. In our
analysis, several typical dark energy models, i.e. the
ΛCDM+
∑
mν model, the wCDM+
∑
mν model, the
CPL+
∑
mν model, and the HDE+
∑
mν model, are in-
vestigated. In the meantime, we compare the results of
the three neutrino mass hierarchy cases, i.e., the DH case,
the NH case, and the IH case. The main results are listed
in Tables I–IV. The best-fit values of χ2 in the various
cases are also listed. The fit values of parameters are
given at 68% C.L. (1σ), and the upper limits of the neu-
trino mass are given at 95% C.L. (2σ).
A. In different dark energy models
Firstly, we compare the constraint results in the dif-
ferent dark energy models from the Planck+BAO+SNe
data combination. In Table I, we can obtain
∑
mν <
0.123 eV for the DH case,
∑
mν < 0.156 eV for the
5TABLE III: Fitting results of the cosmological parameters in the CPL+
∑
mν model for three neutrino mass hierarchy cases,
i.e., the DH case, the NH case, and the IH case, using the Planck+BAO+SNe and Planck+BAO+SNe+H0 data combinations.
Data Planck+BAO+SNe Planck+BAO+SNe+H0
Mass ordering DH NH IH DH NH IH
w0 −0.945± 0.087 −0.933± 0.089 −0.923± 0.089 −1.003± 0.082 −0.988± 0.086 −0.978± 0.088
wa −0.41+0.44−0.30 −0.52+0.46−0.32 −0.61+0.46−0.33 −0.38+0.41−0.31 −0.50+0.44−0.33 −0.60+0.45−0.34
H0 [km s
−1 Mpc−1] 68.22± 0.83 68.19± 0.83 68.14± 0.84 69.78± 0.73 69.71± 0.74 69.69± 0.73
Ωm 0.3087± 0.0082 0.3102± 0.0083 0.3113± 0.0083 0.2948± 0.0068 0.2965± 0.0070 0.2976± 0.0069
σ8 0.819
+0.018
−0.015 0.813
+0.018
−0.015 0.808
+0.018
−0.015 0.835
+0.017
−0.015 0.828
+0.017
−0.014 0.823
+0.017
−0.014∑
mν [eV] < 0.247 < 0.290 < 0.305 < 0.216 < 0.255 < 0.281
χ2 3804.644 3805.938 3806.531 3816.716 3817.806 3818.809
1.2 1.0 0.8 0.6
w0
2.4
1.6
0.8
0.0
0.8
w
a
Planck+BAO+SNe,DH
Planck+BAO+SNe+H0,DH
1.20 1.05 0.90 0.75 0.60
w0
2.4
1.6
0.8
0.0
0.8
w
a
Planck+BAO+SNe,NH
Planck+BAO+SNe+H0,NH
1.20 1.05 0.90 0.75 0.60
w0
2.4
1.6
0.8
0.0
w
a
Planck+BAO+SNe,IH
Planck+BAO+SNe+H0,IH
FIG. 3: The two-dimensional marginalized contours (1σ and 2σ) in the w0-wa plane for three neutrino mass hierarchy cases,
i.e., the DH case, the NH case, and the IH case, by using Planck+BAO+SNe and Planck+BAO+SNe+H0 data combinations
in the CPL+
∑
mν model.
NH case,
∑
mν < 0.185 eV for the IH case in the
ΛCDM+
∑
mν model. For the wCDM+
∑
mν model,
we have
∑
mν < 0.155 eV (DH),
∑
mν < 0.195 eV
(NH), and
∑
mν < 0.220 eV (IH) corresponding to
w = −1.029 ± 0.035 (DH), w = −1.042 ± 0.035 (NH),
and w = −1.051 ± 0.035 (IH), respectively (see Ta-
ble II), and we find that the upper limits of
∑
mν become
larger, compared to the ΛCDM+
∑
mν model. In the
CPL+
∑
mν model, the neutrino mass bounds are greatly
relaxed (see Table III), and they are
∑
mν < 0.247
eV (DH),
∑
mν < 0.290 eV (NH), and
∑
mν < 0.305
eV (IH). As is showed in Fig 3, we find that a phan-
tom dark energy (i.e., w < −1) or an early phantom
dark energy (i.e., the quintom evolving from w < −1 to
w > −1) is slightly more favored by current cosmolog-
ical observations, which leads to the fact that a larger
upper limit of
∑
mν is obtained in the wCDM+
∑
mν
and CPL+
∑
mν models. For the HDE+
∑
mν model, an
early quintessence dark energy with c < 1 (i.e., the quin-
tom evolving from w < −1 to w > −1) is favored, and we
could obtain the most stringent upper limits of the neu-
trino mass with
∑
mν < 0.080 eV (DH),
∑
mν < 0.129
eV (NH),
∑
mν < 0.163 eV (IH), as also shown in Ta-
ble IV.
In addition, we can compare the best-fit χ2 values of
these models, which are listed in Tables I–IV. For the
wCDM+
∑
mν model, the χ
2 values in the same neu-
trino mass hierarchy are slightly smaller than those of
the ΛCDM+
∑
mν model, at the price of adding one
more parameter. We obtain the smallest χ2 values in the
CPL+
∑
mν model, since this model has the most free
parameters. For the HDE+
∑
mν model, the most strin-
gent upper limits of
∑
mν can be obtained, but the χ
2
values are much larger than those of the ΛCDM+
∑
mν
model.
For all these models, we discuss the fitting results in
the different neutrino mass hierarchies. The prior of the
lower bounds of
∑
mν are 0 eV, 0.06 eV and 0.1 eV
for DH, NH and IH, respectively, which can affect the
constraint results of
∑
mν significantly. In Table I–IV,
the upper limits of
∑
mν for the NH case are smaller
than those for the IH case in these dark energy models.
What’s more, we find that the χ2 values in the NH case
is slightly smaller than those in the IH case for all these
models, which indicates that the NH case fits the current
observations better than the IH case. This conclusion is
6TABLE IV: Fitting results of the cosmological parameters in the HDE+
∑
mν model for three neutrino mass hierarchy cases,
i.e., the DH case, the NH case, and the IH case, using the Planck+BAO+SNe and Planck+BAO+SNe+H0 data combinations.
Data Planck+BAO+SNe Planck+BAO+SNe+H0
Mass ordering DH NH IH DH NH IH
c 0.645+0.027−0.031 0.632
+0.026
−0.030 0.623
+0.025
−0.029 0.608
+0.023
−0.025 0.595± 0.024 0.587+0.022−0.024
H0 [km s
−1 Mpc−1] 67.85± 0.81 67.79± 0.79 67.74± 0.80 69.38± 0.72 69.33± 0.71 69.27± 0.71
Ωm 0.3061± 0.0077 0.3077± 0.0076 0.3087± 0.0076 0.2927± 0.0065 0.2939± 0.0065 0.2951± 0.0065
σ8 0.797± 0.013 0.789± 0.013 0.783± 0.013 0.811± 0.013 0.803± 0.012 0.796± 0.12∑
mν [eV] < 0.080 < 0.129 < 0.163 < 0.075 < 0.123 < 0.159
χ2 3822.977 3828.219 3830.980 3838.467 3845.127 3845.289
0.00 0.05 0.10 0.15 0.20
m  [eV]
0.55
0.60
0.65
0.70
0.75
c
Planck+BAO+SNe,DH
Planck+BAO+SNe,NH
Planck+BAO+SNe,IH
66.0 67.5 69.0 70.5
H0 [km s 1 Mpc 1]
0.55
0.60
0.65
0.70
0.75
c
Planck+BAO+SNe,DH
Planck+BAO+SNe,NH
Planck+BAO+SNe,IH
FIG. 4: The two-dimensional marginalized contours (1σ and 2σ) in theH0-c and
∑
mν-c planes for three neutrino mass hierarchy
cases, i.e., the DH case, the NH case, and the IH case, by using Planck+BAO+SNe data combination in the HDE+
∑
mν model.
still consistent with the previous studies [22, 43, 45, 48,
52, 53, 59, 60].
B. Adding the H0 measurement in data
combination
In this subsection, we report the constraint results from
the Planck+BAO+SNe+H0 data combination and inves-
tigate the impact of theH0 measurement on the fit results
of
∑
mν . As is shown in Table I, we have
∑
mν < 0.082
eV for the DH case,
∑
mν < 0.125 eV for the NH case,∑
mν < 0.160 eV for the IH case in the ΛCDM+
∑
mν
model. Adding the H0 data leads to a higher H0 value
in the cosmological fit. From the right panel of Fig 1,
we can see that
∑
mν is anti-correlated with H0 in the
ΛCDM+
∑
mν model. Therefore, we obtain a smaller
upper limit of
∑
mν with the Planck+BAO+SNe+H0
data combination than that with the Planck+BAO+SNe
data combination, which can be clearly seen in the left
panel of Fig 1.
With the Planck+BAO+SNe+H0 data combination,
we have
∑
mν < 0.145 eV (DH),
∑
mν < 0.183 eV
(NH),
∑
mν < 0.210 eV (IH) in the wCDM+
∑
mν
model (see Table II); we have
∑
mν < 0.216 eV (DH),∑
mν < 0.255 eV (NH),
∑
mν < 0.281 eV (IH) in the
CPL+
∑
mν model (see Table III); we have
∑
mν <
0.075 eV (DH),
∑
mν < 0.123 eV (NH),
∑
mν < 0.159
eV (IH) in the HDE+
∑
mν model (see Table IV). In all
these models, we find that the inclusion of the H0 data
gives a tighter constraint on
∑
mν .
IV. CONCLUSION
In this paper, using the latest cosmological observa-
tions (including the Planck 2018 CMB data), we have
obtained
∑
mν < 0.123 eV (DH),
∑
mν < 0.156 eV
7(NH), and
∑
mν < 0.185 eV (IH) in the ΛCDM+
∑
mν
model with the Planck+BAO+SNe data combination. In
addition, we also consider the influence of dynamical dark
energy on the constraint results of
∑
mν . We investigate
the cases of the wCDM+
∑
mν model, the CPL+
∑
mν
model, and the HDE+
∑
mν model, and we find that
the nature of dark energy could significantly affect the
constraints on the total neutrino mass. Compared to
the ΛCDM+
∑
mν model, the upper limits of the total
neutrino mass become larger in the wCDM+
∑
mν and
CPL+
∑
mν models. Using the Planck+BAO+SNe data
combination, the most stringent upper limits of the neu-
trino mass, i.e.,
∑
mν < 0.080 eV (DH),
∑
mν < 0.129
eV (NH), and
∑
mν < 0.163 eV (IH), are obtained in
the HDE+
∑
mν model.
Comparing the values of χ2 between the NH and IH
cases, it is found that the NH case fits the current cosmo-
logical observations better than the IH case, indicating
that the neutrino mass hierarchy is more likely to be the
NH case according to the current cosmological data. In
addition, it is also found that the inclusion of the local
measurement of the Hubble constant in the data com-
bination will lead to a tighter constraint on the total
neutrino mass for all the dark energy model considered
in this work.
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